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Light-emitting diodes (LEDs) have long been used in 
instruments and computers as visual indicators for signal 
integrity and operations status., LEDs are ideal choices 
due to their high reliability, low power use and little to no 
maintenance needs. More recent market interest in LEDs 
is in their use, not only as indicators, but also as lighting 
devices. However, as illumination becomes the focus, 
the power consumption of LEDs has risen dramatically. 
Device heat fluxes are rivalling those of CPUs and other 
semiconductor packages. As a result, thermal manage-
ment of LEDs has taken center stage for successful 
implementation.

It is important to remember that an LED is not a high 
temperature, filament-type lighting device. While a single 
LED is a cold and efficient light source, high-power LED 
applications, including arrays of LEDs, need thermal 
management similar to other semiconductor devices. 
High temperatures not only degrade an LED’s lifetime, 
but also result in lower or non-uniform light output, which 
can significantly affect their application.

Most LEDs are designed in SMT (surface mount technol-
ogy) or COB (chip-on-board) packages. In the new 1~8W 
range of surface mount power LED packages, the heat 
flux at the device’s thermal interface can range from 5 to 
20 W/cm2.  These AllnGaP and InGaN semiconductors 
have physical properties and limits similar to other tran-
sistors or ASICs (application specific integrated circuit). 
While the heat of filament lights can be removed by 
infrared radiation, LEDs rely on conductive heat transfer 
for effective cooling. 

As higher powers are dissipated from LED leads and 
central thermal slugs, boards have changed to move this 
heat appropriately. Standard FR-4 technology boards can 
still be used for LEDs with up to 0.5 W of dissipation, but 

metallic substrates are required for higher levels. A metal 
core printed circuit board (MCPCB), also known as an 
insulated metal substrate (IMS) board, is often used un-
derneath 1W and larger devices. These boards typically 
have a 1.6 mm (1/16 inch) base layer of aluminum with a 
dielectric layer attached. Copper traces and solder masks 
are added subsequently. The aluminum base allows the 
heat to move efficiently away from the LED to the system 
[1].

Thermally dissipating PCBs are not always adequate 
or suitable for LED applications. Other cooling design 
choices are available, and it can be challenging to select 
the most appropriate and cost effective solution for a 
given application. In this article, we show the required 
approach for the thermal management of LEDs. This 
method enables the designer to select the appropriate 
cooling solution based on the LED’s junction temperature 
and not on the total power dissipation.

 

Figure 1. Luxeon K2 Power LED (courtesy of Lumileds).
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Two parameters play a pivotal role in the success of an 
LED. These are the cooling method and the optical lens. 
These factors affect the shape, size and construction 
of the luminaire that comprises the overall lighting unit. 
Because long life and fail safe operation are essential 
for any LED, the cooling process is uniquely critical. An 
LED’s plastic body is not thermally conductive and the 
device does not radiate heat. The only effective cooling 
method is to conduct the heat away through the bottom of 
the device. Therefore, highly thermally conductive materi-
als are commonly used to take the heat from the LED’s 
back side (see Figure 1). Depending on power dissipa-
tion and light emission uniformity, the method of cooling 
can be passive (heat sink in natural convection) to active 
(fan-sinks) or can use liquid cooling. 

With their basic, robust construction, LEDs can be used 
in environments ranging from ornamental to such critical 
illumination needs as automotive headlamps. There-
fore, their cooling systems must be designed with the 
ambient temperature and the specific end use in mind. 
For example, a car’s headlamp with an under-the-hood 
temperature of 85-100°C and power dissipation values of 
42-90 W requires unique consideration for cooling and re-
liability. In other applications, to get the same light output 

as an incandescent lamp, the LED lamp will often run 
on comparable power dissipation values. However, the 
LED device’s maximum allowable junction temperature 
is limited to 120-135 °C (up to 185 °C in recent develop-
ments). If we compare these limits to an incandescent 
lamp, which allows filament operating temperatures of 
1500-3000 °C, the thermal challenge for LEDs, especially 
in harsh environments, is the major obstacle to their suc-
cessful implementation.

These thermal constraints typically need to be consid-
ered:

   • Tjunction LED max < 120-185°C 

   • Tjunction LED lifetime <100~110°C

   • PLED = 1-8 W

   • Light output is strongly dependent on temperature

cooling options 
The cooling options for LEDs range from simple natural 
convection in air to liquid cooling, where a cold plate and 
liquid loop form the required cooling system. Because 
most market applications for LEDs shy away from liquid 
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cooling, the focus of this section will be on air cooling of 
LEDs. 

Most LED lamps employ familiar heat sinking techniques. 
In some cases, the metal fixture of a luminaire can act 
as a heat sink, but the thermal requirements of its LEDs 
must be considered when designing the unit. Increas-
ing power density, a higher demand for light output and 
space constraints are leading to more advanced cool-
ing solutions. High-efficiency heat sinks, optimized for 
convection and radiation within a specific application, will 
become more and more important. 

As with any semiconductor package, thermal resistance 
plays a significant role in the thermal management of 
LEDs. The highest thermal resistance in the heat transfer 
path is the junction-to-board thermal resistance (Rj-b) of 
the package [2]. Spreading resistance is also an impor-
tant issue. Thermally enhanced spreader materials, such 
as metal core PCBs, cold plates and vapor chambers 
for very high heat flux applications are viable systems to 
reduce spreading resistance. [3] 

Linear heat sinks are available specifically for LED strips, 
such as OSRAM SYLVANIA’s DRAGONstick® linear 
LED strips, which are widely used in architectural light-
ing. For example,the maxiFLOW™ linear heat sink from 
Advanced Thermal Solutions has a patented spread fin 
array that maximizes surface area for more effective con-
vection (air) cooling, particularly when air flow is limited, 
such as inside display cases.

Round heat sinks are available specifically for round LED 
boards, which are used to replace halogen light bulbs in 
applications such as spotlights and down lighting. A typi-
cal LED spotlight is shown in Figure 2 [5]. Here, a round 
QooLED© heat sink from Advanced Thermal Solutions is 
used for cooling three LEDs. The round heat sink has a 
special star-shaped profile fin design that maximizes sur-
face area for more effective convection (air) and radiation 
cooling in the vertical mounting orientation, e.g., inside 
ceilings.

Active thermal management systems can be used for 
high-flux power LED applications. These include water 
cooling, two-phase cooling and fans. Although active 
cooling methods may not be energy-justifiable for LEDs, 
reasons for using them include ensuring lumen output, or 

maintenance-free operation, or to meet specific wave-
length requirements. 

 

Figure 2. An LED-Based Spotlight with a Round, Finned Heat 
Sink, Visible and IR Views [5].

The led Thermal design and cooling solution selection 
Process  
The thermal design of any electronic component,  
including an LED, consists of three steps [4]. 

1. Analytical (Integral) Analysis

2. Computational (Numerical) Analysis

3. Experimental Analysis/Verification

Thermal design - analytical analysis 
Analytical analysis is used to develop a first-order solu-
tion. This approach identifies the problem areas (compo-
nents and system layout) and ascertains the magnitude 
of the problem (device junction temperature and required 
level of cooling). Some analyses can be performed 
quickly to evalueate the scope of the problem –  
the so-called “what if” scenario.

computational analysis 
Computational analyses are used to develop second-or-
der solutions to verify results from Step 1. The problem 
must be well understood in order to develop a model that 
accurately represents the problem. 



© adVanced Thermal soluTIons, Inc. 2007 | 89-27 access road norwood, ma 02062 usa | T: 781.769.2800 www.qaTs.com                           Page 2�

Thermal fundamenTals

CFD (computational fluid dynamics) gives a total 3D 
picture of the problem. Both heat transfer and flow will 
be calculated. CFD is typically used to characterize the 
effect of spreading resistance within the PCB, the flow 
around the LED lamp and the thermal performance and 
optimization of a heat sink. Figure 3 shows some results 
from a CFD study of the LED-based spotlight discussed 
earlier. 

Experimental Analysis/Verification 
The final product must be tested experimentally, whether 
for compliance or effective operation. For an LED-based 
application, the junction temperature is measured by the 
forward voltage characteristic. The LED has to be cali-
brated first with a 10 mA constant current source. During 
the operational test, the current measurement source is 
on all the time, then, after stabilization, the operational 
current is switched off.  After turning off the current, the 
drop in the forward voltage is measured. The thermal 
mass of the junction is small, which results in a fast cool-
down time. This temperature change occurs in less then 
1 msec, so the forward voltage has to be measured in 
microseconds after the event.  More information can be 
found in Farkas, et al. [6].

The forward voltage together with the calibration curve 
will give the junction temperature under operational con-
ditions. This junction temperature must be within specifi-
cations for both maximum and typical ambient conditions.

Figure 3. Results of a CFD Study on an LED-Based Spotlight 

conclusion 
This article highlights the importance of thermal manage-
ment to the successful use of LEDs. Selecting a cooling 
solution based on device (LED) junction temperature 
ensures that the most critical parameter, one that can ad-
versely impact its reliability and performance, is identified 
and thermally managed. More importantly, developing a 
cooling solution based on an independent analysis ap-
proach, i.e., analytical, experimental and computational, 
provides a high degree of confidence for identifying the 
most effective cooling solution for high power LEDs.
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●  Produces flow velocities from 0 to 6 m/s 
    (1,200 ft/min)

●  Test Section Dimensions 
    (L x W x H): 34 cm x 29 cm x 8.5 cm 
    (13.25” x 11.5” x 3.25”)

●  12 Sensor ports

●  Produces flow velocities from 0 to 5 m/s    
    (1000 ft/min)

●  Test Section Dimensions 
    (L x W x H): 61.0 cm x 61.0 cm x 20.32 cm 
    (24” x 24” x 8”)

●  18 sensor ports

●  Measures velocities at temperatures from
    20°C to 65°C (±1°C)
●  Capable of controlling velocities from up   
    to 50 m/s (10,000 ft/min) depending on 
    the fan tray  
 ● Features a user friendly, labVIEW based, 
    application software

Accssories

●  Produces flow velocities from 0 to 10 m/s 
    (2000 ft/min)

●  Test Section Dimensions 
    (L x W x H): 46 cm x 46 cm x 15 cm 
    (18” x 18” x 6”)

●  10 Sensor ports

●  Flexible, robust, base-and-stem design 
    allows continuous repositioning and 
    reading 
●  Measures temperature and velocity 
    Narrow and low profile minimizes the 
    disturbance flow 
●  Temperature range from 
    -15°C to 120°C (±1°C)

Candlestick Sensor

CWT-100™

CWT-108™

CWT-PCB™

WTC-100

RESEARCH QUALITY
LABORATORY  TESTED

OPEN LOOP
WIND TUNNELS



New Star Heat Sinks Cool 
High Heat Flux LEDs

Advanced Thermal Solutions, Inc. (ATS) has in-
troduced the Star™ Series of heat sinks designed 
specifically for cooling higher power, surface mount 
power LED packages. High temperatures not 
only degrade an LED’s lifetime, but also result in 
lower light or non-uniform output – effects that can 
significantly affect their application. The 32 new 
Star heat sinks provide enhanced conductive heat 
transfer for effective LED cooling without fans or 
blowers. Cooling performance in the series (∆Ths-
ambient) reaches more than 60 K at up to 16 Watts 
of power dissipation.

All Star heat sinks are made from light weight alu-
minum in a cylindrical shape that fits common LED 
lamp applications. Their cooling fins are arrayed 
in a round, star-like cross section that optimizes 
thermal performance through radiative cooling to 
the local air flow. A flat surface at one end of the 
heat sink provides a base for direct mounting of 
LEDs. Integral threads on the base perimeter allow 
attachment of brackets and other hardware. All 
standard sizes are available with an inner thread 
for convenient attachment of LED lens mounts. 

ATS’ Star heat sinks are available in 25, 45, 50 and 
75 mm (0.98, 1.77, 1.96 and 2.95 inches) lengths 
with a standard diameter of 45 mm (1.77 inches). 
Each heat sink features a black anodized finish 
that provides corrosion resistance, electrical insula-
tion, and improved thermal performance. All heat 
sinks within the series are RoHS compliant. 

Unit pricing for Star Series LED cooling solutions 
start at less than $8.00 in production quantities. 
For more information, visit the Advanced Thermal 
Solutions website, www.qats.com, or call 1-781-
769-2800. 
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